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[57] ABSTRACT 

Apparatus and a concomitant method for accessing an image 
pyramid that is sequentially stored in a memory. The inven 
tion uses an integer portion of the standard U, V, and D 
values that de?ne a target pixel location within an image 
pyramid to determine a ?rst address of a pixel value near the 

target location within the memory. From this ?rst address, 
the invention determines another seven addresses. These 
eight addresses are used to recall pixel values that are 
proximate the target pixel location. These eight pixel values 
can then be used in a tri-linear interpolation to determine the 
target pixel value. The disclosed method and apparatus may 
?nd applicability in video servers, medical imaging, special 
effects and animation and location based entertainment 
systems among other applications. 

14 Claims, 4 Drawing Sheets 
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APPARATUS AND METHoD FOR ‘ 
ADDRESSING PIXEL VALUES WITHIN AN 
IMAGE PYRAMID USING A RECURSIVE 

TECHNIQUE 

The invention relates to address generators for accessing 
memory and, more particularly, to methods and apparatus 
for generating addresses to access elements or pixel values 
of an image pyramid stored in memory. 

BACKGROUND OF THE DISCLOSURE 

In computer graphics systems, three~dimensional objects 
are often de?ned as a set of polygons, which are projected 
to a two-dimensional screen space, e.g., a screen of a 

computer monitor, to give the illusion of depicting a three 
dimensional object therein. For added three-dimensional 
realism, the polygons are “covered” with a texture that is 
scaled to the shape of the polygon. The operation that 
combines a polygon with a particular texture is known in the 
art as texture mapping. Speci?cally, a texture mapping 
operation combines a scaled and transformed polygon with 
a similarly scaled and transformed texture to achieve an 
illusion of three-dimensionality within a two-dimensional 
screen space. 

Textures are typically stored in memory within the graph 
ics system as a set of identical images each having a different 
level of resolution. Such an arrangement of textures is 
known as an image pyramid. The resolution of successive 
levels of a pyramid differ by a power of two such that each 
successive level of the pyramid has one-quarter of the pixels 
contained in the previous (underlying) level. In many graph 
ics systems, each texture is represented by a plurality of 
color pyramids, e.g., a red pyramid, a green pyramid and a 
blue pyramid. Thus, for each pixel value required in the 
output image, or required to compute a pixel value in the 
output image, the graphics system produces three memory 
addresses and accesses three memory locations. 

To generate a texture that is correctly scaled to a projected 
polygon, three address values for each pyramid are used to 
produce a pixel value at a correct location within the 
polygon. These values are U and V, representing Cartesian 
coordinates into a base image, i.e., the base of the image 
pyramid, and D, representing a pyramid level. As such, U, 
V, and D de?ne a location of a particular pixel value within 
a particular image pyramid, e.g., a red pyramid. 

In some instances, a pixel value necessary to produce an 
accurate output image may have coordinates that lie between 
actual pixel locations in a given level of a pyramid. Fur 
thennore, the necessary pixel value may require a resolution 
that lies between levels. Consequently, the texture mapping 
function interpolates the nearest pixel values to determine 
the unknown pixel value. Speci?cally, for pixel values that 
are de?ned between levels of the pyramid, four pixel values 
in a level above the target pixel location and four pixel 
values below the target pixel location are tri-linearly inter 
polated to produce the target pixel value for the target 
location in an output image. 

Present operations for generating locations (addresses) in 
memory for the eight pixel values used in the tri-linear 
interpolation typically require many computing cycles. 
Thus, the pixel selection process is relatively slow. 

Therefore, a need exists in the art for an e?icient apparatus 
and method for rapidly generating addresses of pixel values 
in an image pyramid. 
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2 
SUMMARY OF THE INVENTION 

The present invention overcomes the disadvantages here~ 
tofore associated with the prior art by selecting pixel values 
from an image pyramid using relatively few instruction 
cycles. Speci?cally, the invention is apparatus and a con 
comitant method for accessing an image pyramid that is 
sequentially stored in a memory. The invention uses an 
integer portion of the standard U, V, and D values that de?ne 
a target pixel location within an image pyramid to determine 
a ?rst address of a pixel value near the target location within 
the memory. From this ?rst address, the invention deter~ 
mines another seven addresses. These eight addresses are 
used to recall pixel values that are proximate the target pixel 
location. These eight pixel values can then be used in a 
tri-linear interpolation to determine the target pixel value. 
More speci?cally, the invention temporarily stores the 

integer portions of the U, V, and D values in registers. These 
values are used to determine initial values for an oifset 
register, a base register, and a stride register. Each memory 
address is de?ned by combining the oifset register value 
with a base register value. The base register value de?nes the 
location of the ?rst memory location used for a particular 
image pyramid. All other values in that pyramid sequentially 
follow from that address. The oifset register value deter 
mines how far from that base value a particular pixel is 
located in memory. As such, by updating the oifset register 
value, any location in the pyramid can be addressed. 
From the initial offset register value, the offset register 

value is periodically updated using the stride register value 
or by adding or subtracting one to/from the present offset 
register value. Consequently, from a given initial offset 
value, adding one addresses the next sequential pixel value, 
subtracting one addresses the previous pixel value, adding 
the stride value addresses a pixel in a next column of pixel 
values, adding the stride register value squared addresses a 
pixel value in the next level of the image pyramid, and so on. 
The invention appropriately uses the offset register value 
and the stride register value to ef?ciently generate addresses 
for eight pixel values in a particular image pyramid. These 
eight pixel values can then be used to compute the target 
pixel value. 

BRIEF DESCRIPTION OF THE DRAWING 

The teachings of the present invention can be readily 
understood by considering the following detailed descrip 
tion in conjunction with the accompanying drawings, in 
which: 

FIG. 1 shows a representation of eight pixel locations 
within two levels in an image pyramid that are used to 
compute a target pixel value located between the two levels; 

FIG. 2 depicts a block diagram of hardware used to 
determine eight memory addresses for pixel values to be 
used in computing a target pixel value located between 
levels in an image pyramid; and 

FIGS. 3A and B, taken together, depict a ?ow chart of a 
routine illustrating the operation of the hardware of FIG. 2. 
To facilitate understanding, identical reference numerals 

have been used, where possible, to designate identical 
elements that are common to the ?gures. 

DETAILED DESCRIPTION 

FIG. 1 depicts a portion 100 of an image pyramid. This 
portion 100 is a portion of an image pyramid that contains 
a plurality of layers, e.g., ?ve, having a number of pixels in 
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each layer, e.g., 128 pixels in layer 1, 64 pixels in layer 2, 
16 pixels in layer 3 and so on. Speci?cally, the depicted 
portion contains eight pixel locations located in two levels, 
i.e., four pixel locations per level. To differentiate the levels, 
the ?rst level (Di) uses X,Y coordinates and the second level 
(D,- +1) uses A,B coordinates to designates the respective 
locations of pixels in the respective levels. These eight pixel 
locations are the eight locations that are nearest a target pixel 
location 102. The present invention determines these eight 
pixel locations as memory addresses within a memory that 
sequentially stores all the pixel values in the pyramid. The 
eight pixel values located at the eight pixel memory 
addresses are used as interpolants in a tri-linear interpolation 
to determine a pixel value at the target location 102 between 
the known values. 

Typically, image pyramids are addressed using three 
coordinates U, V, and D. Where U and V represent the two 
dimensional address of a base coordinate (comer) of the 
pyramid and D designates a particular level. These coordi 
nates are respectively comprised of an integer portion (i) and 
a fractional portion (t). For example, U can be expressed as 
Ui+Uj, V can be expressed as V,-+V/, and D can be expressed 
as Di+Df. Together, these coordinates determine a location 
within the pyramid of a target pixel location 102 and a pixel 
value for that location. 

The present invention utilizes the integer portion of these 
coordinates to determine eight pixel locations and values to 
be used in computing a pixel value for the pixel location 102 
located between the known pixel locations. The fractional 
portion of each coordinate is used in performing the tri 
linear interpolation used to compute the pixel value. The 
interpolation process is a conventional operation that does 
not form any part of the present invention. 

In most instances, there are many textures stored as image 
pyramids in a graphics system that utilizes the present 
invention. As such a parameter is necessary to identify each 
texture pyramid. This parameter is referred to as the texture 
identi?cation (TID). As such, a table of TID, U and V values 
are stored in memory such that the system can access the 
table whenever a certain texture is requested and determine 
the U and V coordinates for the desired texture. The D 
coordinate is determined from the desired resolution at that 
location in the output image. Thus, for each texture request, 
e. g., a brick texture, the graphics system produces a TID and 
U, V and D coordinates. 

From the TID, U, V, and D values, the present invention 
rapidly determines eight memory addresses that contain 
pixel values that are used to generate a pixel value for an 
output image. In discussing the present invention, it is 
assumed that the image pyramid to be addressed contains 
RGB data at each memory location, e.g., a 32 bit word. As 
such, the invention produces eight memory locations to 
enable the system to compute a pixel value. However, those 
skilled in the art will understand from the following discus 
sion that if the texture data is divided amongst three (or 
more) pyramids, e.g., one pyramid each for red, blue and 
green, then the inventive address generator shall be operated 
thrice to produce a memory address for each pyramid. As 
such, the interpolation will need 24 memory locations to 
retrieve 24 pixel values (eight for each color). 

Furthermore, the following disclosure also assumes that 
the image pyramid is stored in a word serial manner. In other 
words, the base pixel value (32-bit word) of the pyramid is 
stored at a particular location and the remaining pixel values 
for a given pyramid are sequentially stored in memory 
locations from the base location. 
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4 
FIG. 2 depicts a block diagram of the inventive memory 

address generator 200. The generator can be implemented 
using either discrete components or within a microprocessor. 

Speci?cally, the generator has as its input the values TID, 
Ui, Vi, Di and, as its output, a memory address. The U,- and 
V,- input values (8 bits each) are connected to respective U 
and V registers 202 and 204 for temporarily storing these 
values. The output terminals of each of the U and V registers 
are connected to a multiplexer (MUX) 206 and a texture 
mapping address generator (TMAG) circuit 208. The output 
of each register is also connected to a “shift right 1” (SR1) 
circuit 210 and 212 that shifts the 8 bit output one bit to the 
right and inserts a zero in the most signi?cant bit location. 
The output of each of the SR1 circuits is connected to an 
input of its respective register such that the register can 
replace the present value in the register with the “shifted” 
value. One of the three inputs to each of the U and V 
registers are elected by a MUX (not shown) within each 
register block. Also, each of the registers in this block 
diagram have an input enable port that, when asserted by a 
microprocessor, enables the register to be updated with a 
new input value. For simplicity, the input enable ports are 
not shown. These ports are controlled by a microprocessor 
or rnicrocontroller that ensures proper timing of the register 
operation to accomplish the inventive method (see FIGS. 3A 
and 3B). 
The MUX 206 selects either the output of the U register 

or the output of the V register as its output. The MUX output 
forms an A input to a logical right shifter 214. A B input to 
the logical right shifter is formed by the D,- value. The D, 
input value is temporarily stored in a D register 216 before 
being used as the B input to the logical right shifter 214. 
The logical right shifter shifts the value at its A input by 

the number of bits de?ned by the value at its B input. As 
such, using the logical right shifter, either the U or V register 
value is shifted to the right by D'bits. The output of the 
shifter forms another input to both the U and V registers. As 
such, this shifted value can be selected by either register to 
replace the value presently stored in the register. 
As brie?y mentioned above, the TMAG circuit 208 has as 

its input the output of the U and V registers. Additionally, a 
third value, a stride register value, is an input to this circuit. 
A select input signal on a select port 218 selects whether the 
stride register value is used by the TMAG circuit or whether 
a stride register value shifted to the right by one bit is used. 
In either case, the TMAG circuit uses the selected stride 
value and the U and V register values to generate an offset 
value on line 220. The speci?c nature of this offset value is 
described below with respect to step 308 of FIG. 3A. 
The offset value is passed through a MUX 222 to one of 

a plurality of o?’set registers 224. Additionally, one of the 
plurality of offset registers stores a value formed by con 
catenating the TID value with the D,- value. 
The base registers 226 contain the memory addresses for 

the base locations of each pyramid. These base registers are 
?lled as the pyramids are stored in memory, e.g., during 
system initialization. The base address to use is selected by 
MUX 230 and the particular offset register value to use is 
selected by MUX 232. When an address in a selected base 
register is combined (added together using summer 238) 
with a value in a selected offset register, the generator 200 
produces a memory address identifying a specify pixel value 
location in a particular pyramid. The offset register value is 
controlled by the inventive generator 200 such that the eight 
memory locations needed for the interpolation process can 
be rapidly determined. 
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The stride register 234 is initially loaded with a value 
equivalent to the number of pixels in a row of pixels within 
a pyramid level indicated by Di. As such, the value of the 
stride register is always a power of 2, e.g., 2, 4, 8, 16, 32, and 
so on. This value is updated with either the present value of 
the register shifted to the right by one bit, e. g., using the right 
shift circuit 236, the square of the present value, the same 
value, the present value plus one, or the present value minus 
one. These optional replacement values are selected from 
value processor 238 through a MUX 240. 
The square of the present stride register value is computed 

using a novel approach. Speci?cally, to produce the square 
of the 8-bit stride register value, the processor 238 performs 
a permutation of the present stride register value with eight 
zeros, as follows: 

The present value of the stride register is combined (using 
summer 242) with the present value of the offset register and 
then used to replace the present value of the offset register. 
Additionally, as stated previously, the present value of the 
stride register is also used as an input to the TMAG circuit 
208. 
By combining the updated value of the o?fset register with 

the base register value for the selected pyramid, a memory 
address is generated. With each update of the oifset register, 
a new memory location is generated. As such, the address 

20 
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6 
particular pyramid. It is assumed that the base values of each 
texture pyramid are stored in the base registers upon system 
initialization; however, a base value for a particular level is 
produced using this concatenation. A MUX then selects an 
appropriate texture pyramid base register in accordance with 
the TID. At step 304, using the selected texture pyramid base 
value and the initial offset register value (TID, D,), the 
routine reads a memory address containing a base value for 
a particular pyramid level, e.g., the address of a comer of the 
level, and a value that represents the number of pixels in a 
row of that pyramid level. The base value is then stored in 
a base register and the number of pixels is stored in the stride 
register. These values are addressed in this step 304, but are 
not received until step 306. Simultaneously with reading the 
memory location, the value in the U register is shifted by D 
bits. 

At step 306, the base register value and the stride register 
value requested in the previous step are returned from 
memory and respectively stored in a selected base register 
and stride register. Typically, these values are returned from 
memory as a “packed” value, i.e., both values are contained 
within a single word. Simultaneously, within this step, the 
value of the V register is shifted to the right by D bits. 

At step 308, the offset register (OR) is updated with a new 
value (a linear offset from the base value of the level) based 
upon a “TMAG” function of U, V and the stride register 
(SR) value. The TMAG function combines the U and V 
values, two 8-bit words, depending upon the present value in 
the stride register. Speci?cally, if U is assumed to have the 
form ABCDEFGH and V is assumed to have the form 30 7 

generator 200 sequentially generates all eight address loca- QRSTUVWX, U and V are combined as shown in Table 1 
tions. below. 

TABLE 1 

TMAG circuit function table 

U V SR value TMAG Output 

ABCDEFGI-l QRSTUVWX 256 ABCDEFGHQRSTUVWX 
(10000000) 

ABCDEFGH QRSTUVWX 12s OOBCDEFGHRSTUVWX 
(01000000) 

ABCDEFGH QRSTUVWX 64 (00100000) OOOOCDEFGHSTUVWX 
ABCDEFGI-I QRSTUVWX 32 (00010000) OOOOOODEFGHTUVWX 
ABCDEFGI-I QRSTUVWX 16 (00001000) OOOOOOOOEFGHUVWX 
ABCDEFGI-I QRSTUVWX 8 (00000100) OOOOOOOOOOFGHVWX 
ABCDEFGH QRSTUVWX 4 (00000010) HWX 
ABCDEFGH QRsTUvWX 2 (00000001) 00000000000000HX 

A routine 300 representing the process by which the 
address generator 200 shown in FIG. 2 produces the eight 
addresses is shown as a ?ow chart on FIGS. 3A and B. 
Passing once through this routine produces eight addresses, 
e.g., memory addresses for pixel locations X,Y; X+l,Y; 
X,Y+1; X+1,Y+1; A,B; A+l,B; A,B+1; and A+1,B+1. Thus, 
for each pixel value required in an output image, the routine 
is utilized once. Thereafter, the graphics system interpolates 
these eight values to determine a desired pixel value for the 
output image. To illustrate the ef?ciency of the inventive 
routine, each block in the ?ow chart represents the passage 
of a single instruction cycle of a microprocessor controlling 
the operation and timing of the address generator. Thus, the 
entire routine is accomplished in fourteen instruction cycles. 

Speci?cally, the routine begins at step 302 wherein the 
values of U,-, V,-, D,- are respectively loaded into the U, V and 
D registers. Simultaneously, the values of TID and D,- are 
concatenated and stored in one of the o?'set registers, i.e., as 
a pointer to a base value of a particular level within a 

50 

60 

As shown, the output of the TMAG circuit is a concat 
enation of the U and V values in a manner that is de?ned by 
the stride register value. Speci?cally, the l6-bit output word 
is a concatenation of the lower B-bits of U and V, where 
B=log(N) and N is the stride register value. The TMAG 
circuit output is stored in the offset register replacing any 
prior value stored therein. 

At step 310, the routine reads the memory location at an 
address de?ned by the base register (BR) value plus the 
offset register (OR) value. This address is the location of the 
pixel value at location X, Y (see FIG. 1). Simultaneously, the 
olfset register value is incremented by l and the U value is 
right shifted (U>>1), e.g., the bits of the U value are shifted 
to the right one bit, the least signi?cant bit is dropped and the 
most signi?cant bit becomes a zero. 

At step 312, the routine receives the pixel value at 
location X,Y that was requested in the previous step. Typi 
cally, the pixel value would be stored in a register or memory 
location for subsequent use in an interpolation function. 
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Additionally, within this instruction cycle, the routine reads 
the next pixel value located at the address indicated by the 
base register value plus the oifset register value (BR+OR). 
This is the pixel located at location X+l,Y. Simultaneously, 
the offset register is again updated, this time with the stride 
register (SR) value and the V value is right shifted (V>>1). 

At step 314, the routine receives the pixel value at 
location X+1,Y that was previously read, reads the pixel 
value at the location de?ned by the base register value plus 
the offset register value, and decrements the offset register 
value by 1. 

At step 316, the routine receives the pixel value at the 
location X+l,Y+l, reads the pixel value at the location 
de?ned by the base register value plus the offset register 
value, and updates the offset register with a value de?ned by 
the TMAG circuit. Speci?cally, the TMAG function, i.e., the 
concatenation of the B low bits of the U and V value, is 
accomplished using the right shifted stride value (SR>>1) to 
de?ne the variable B. 

At step 318, the routine receives the pixel value located at 
location X,Y+l, updates the offset register value with a 
combination of the previous oifset register value plus the 
square of the stride register value, and right shifts the stride 
register value. The square of the stride register value de?nes 
a location that is one pyramid level above the previously 
used pyramid level. At this step in the routine, all four pixel 
values (X,Y; X+l,Y; X+1, Y+l; X,Y+l) in the D,- level of 
FIG. 1 have been received from memory. The new offset 
register value facilitates reading the four pixel values in the 
next higher pyramid level, level D,,_,. 

At step 320, the routine reads the pixel value at an address 
de?ned by the base register value plus the offset register 
value. Simultaneously, the routine updates the offset register 
value by incrementing the present value by 1. 

At step 322, the routine receives the pixel value at the 
location AB in level Di+1 that was read in the previous step, 
reads a new pixel value at an address de?ned by the base 
register value plus the offset register value, and updates the 
offset register value with the present offset register value 
plus the stride register value. 

At step 324, the routine receives the pixel value at 
location A+1,B that was read during the previous step, reads 
a new pixel value at an address de?ned by the base register 
value plus the offset register value, and updates the offset 
register value by decrementing the present value by 1. 

At step 326, the routine receives the pixel value at 
location A+l,B+1 that was read during the previous step and 
reads the pixel value at the address de?ned by the base 
register value plus the offset register value. 

At step 328, the routine receives the pixel value at 
location A,B+l. At this point, the routine has addressed and 
received all eight pixel values necessary to perform a 
tri-linear interpolation and produce an appropriate target 
pixel value. Consequently, the routine ends at step 330. 
To best understand the present invention, an example of 

the foregoing routine in operation is presented below. The 
example assumes the following values have been provided 
by a graphics system (e.g., a microprocessor based system 
controlling the inventive apparatus) requesting a target pixel 
value: D is 2.25; U is 9.125; V is 15.75; and TID is 5. Also 
the initial base and stride values are received by the address 
generator as a packed 32-bit word that indicates the comer 
of a selected pyramid level (base) and the length of a row in 
that level (stride). For the following example the initial base, 
stride values are [1000,8], for level 2 of the pyramid. 
As shown below in Tables 2 and 3, Level 2 of the pyramid 

is stored in memory addresses 1000 through 1063 and level 
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8 
3 of the pyramid is stored in memory 
through 1079. 

addresses 1064 

TABLE 2 

ADDRESS 0 1 2 3 4 5 6 7 

1000 - _ - _ _ _ _ _ 

1008 -_ _~ _ _ __ _ _ _ 

1016 - - - _ - _ - _ 

1024 - - 1 2 - _ - _ 

1032 _ - 3 4 _- _ - - 

1040 - - - - - _ _ _ 

104s _ _ __ __ _ __ _ __ 

1056 - _ __ _ _ _ _ _ 

Representation of Level 2 of an Illustrative Image 
Pyramid 

TABLE 3 

ADDRESS 0 1 2 3 

1064 _ _ __ _ 

1068 — 5 6 - 

1072 _ 8 7 _ 

1076 — —- — — 

Representation of Level 3 of an Illustrative Image 
Pyramid 

The numerals within the tables indicate the order in which 
the pixel values are determined by the routine. The dashes 
represent arbitrary pixel values that are not of concern to the 
present invention. Returning now to FIG. 3, at step 302, the 
integer values of U, V, and D are stored in their appropriate 
registers and the concatenated TID and D,- values (512: 
l012|0l02=42) are loaded into an offset register. 
At step 304, the routine reads a memory location con 

taining a pyramid level base value and the stride value for 
that level by using the initial base and offset register values, 
e.g., a texture table base value represented by TID and the 
oifset (42), and shifts the U value to the right by D bits, e. g., 
9>>2=2. 

At step 306, the memory returns, within a single packed 
data word, the pyramid level base value (1000) and a stride 
register value (8). The packed values are separated and 
stored in their appropriate register. Additionally, the V value 
is right shifted by D bits (15>>2=3). 

At step 308, the TMAG operation is performed to gen 
erate a new offset register value (OR=TMAG (U, V, SR)= 
TMAG (2, 3, 8)=0l10102=26). At step 310, the new offset 
register value is added to the base register value to generate 
a memory address (BR+OR=1000+26=1026). This is the 
address of the ?rst pixel value (value 1 in Table l). Addi 
tionally, the offset register is incremented by l (OR+1:26+ 
1:27) and the U value is right shifted by 1 (U>>l=2>>1=l). 
At step 312, the memory returns with pixel value 1, a new 

memory address is generated (BR+OR=1000+27:1027), the 
oifset register is updated (OR+SR=27+8=35), and the V 
value is right shifted by l (V>>l=3>>1=l). At step 314, 
pixel value 2 is returned from memory, a new memory 
address is produced (BR+OR=1000+35=1035), and the off 
set register is decremented by 1 (OR-l=35—l=34). 
At step 316, the memory returns pixel value 3, a new 

memory address is generated (BR+OR:1000+34=1034), the 
TMAG operation is performed to produce a new oifset 
register value (OR=TMAG(U, V, SR>>1)=TMAG(1, l, 
4)=01012=5). 
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At step 318, the memory returns pixel value 4, the offset 
register is updated using the square of the stride register 
value (OR+SR*SR=5+64=69) and the stride register value is 
shifted to the right by 1 (SR>>1=8>>1=4). At step 320, a 
new memory address is produced (BR+OR=1000+69=1069) 
and the oifset register is incremented by l (OR+1=5+1=6). 
At step 322, the memory returns pixel value 5 in level 3 
(table 2), a new memory address is generated (BR+OR= 
1070), and the offset register value is incremented by the 
stride register value (OR+SR=6+4=10. At step 324, the 
memory returns pixel value 6, the next memory location is 
read (BR+OR=1074) and the offset register value is decre 
mented by l (OR-1:9). At step 326, the memory returns 
pixel value 7 and the next memory location, at address 1073, 
is read. Lastly, at step 328, the memory returns pixel value 
8. At this time, all eight pixel values from memory locations 
1026, 1027, 1034, 1035, 1069, 1070, 1073, and 1074 have 
been addressed and recalled from memory using fourteen 
instruction cycles of a microprocessor that either controls 
the apparatus of FIG. 2 or has the apparatus contained 
therein. 
' Although one embodiment which incorporates the teach 
ings of the present invention has been shown and described 
in detail herein, those skilled in the art can readily devise 
many other varied embodiments that still incorporate these 
teachings. 

The disclosed method and apparatus may ?nd applicabil 
ity in video servers, medical imaging, special effects and 
animation and location based entertainment systems among 
other applications. 
What is claimed is: 
1. A method for generating addresses to access an image 

pyramid of pixel values sequentially stored in a memory, 
said method comprising the steps of: 

temporarily storing an integer portion of each of a plu 
rality of image pyramid address values; 

determining from said plurality of integer portions a ?rst 
memory address for a ?rst pixel value in said memory; 

determining, from said ?rst memory address, a second 
memory address for a second pixel value in said 
memory; 

determining, from said second memory address, a third 
memory address for a third pixel value in said memory; 

determining, from said third memory address, a fourth 
memory address for a fourth pixel value in said 
memory; 

determining, from said fourth memory address, a ?fth 
memory address for a ?fth pixel value in said memory; 

determining, from said ?fth memory address, a sixth 
memory address for a sixth pixel value in said memory; 

determining, from said sixth memory address, a seventh 
memory address for a seventh pixel value in said 
memory; 

determining, from said seventh memory address, an 
eighth memory address for an eighth pixel value in said 
memory. 

2. The method of claim 1 wherein said ?rst, second, third, 
and fourth pixel values are contained in a ?rst level of said 
image pyramid and said ?fth, sixth, seventh, and eighth pixel 
values are contained in a second level of said image pyra 
mid. 

3. The method of claim 2 wherein said step of determining 
said ?fth memory address further comprises adding to said 
fourth memory address a number of pixel values contained 
in said ?rst level of said image pyramid. 

4. A method for generating addresses to access an image 
pyramid of pixel values sequentially stored in a memory, 
said method comprising the steps of: 
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(a) temporarily storing the integer portions of a plurality 

of address values that de?ne a target location of a pixel 
value in said image pyramid; 

(b) initializing, in response to said integer portions, a base 
value, an offset value, and a stride value, where said 
base value represents a reference address of a reference 
pixel value within said pyramid, said o?‘set value 
represents a number of pixel values to be added to the 
base value to compute an address value of a particular 
pixel value within the image pyramid, and the stride 
value is a number of pixel values in a row of pixel 
values within a speci?c level of the image pyramid; 

(c) storing said base value in a base register; 
(d) storing said offset value in an offset register; 
(e) storing said stride value in a stride register; 
(f) generating a memory address by combining the base 

value with the offset value; 
(g) updating said offset value and said stride value and 

respectively storing the updated offset and stride values 
in the oifset and stride registers; and 

(h) repeating steps (t) and (g) until a plurality of memory 
addresses are generated for accessing said pixel values 
in said image pyramid. 

5. The method of claim 4 wherein said updating step (g) 
further comprises the steps of: 

combining integer portions of a U address value and a V 
address value which together represent Cartesian coor 
dinates of an address value within a base level of the 
image pyramid, in response to the present stride value, 
to produce an updated o?Fset value; and 

storing said updated offset value in said offset register. 
6. The method of claim 5 wherein said combining step 

further comprises the step of: 
truncating B most signi?cant bits of the U and V address 

values to form truncated U and V address values, where 
B=log(N) and N is the stride value; 

concatenating the truncated U and V address values; and 
?lling the most signi?cant bit positions of the concat 

enated, truncated U and V address values with zeros. 
7. The method of claim 4 wherein said updating step 

further comprises the steps of: 
computing the square of the stride value by interposing 

zeros between bit positions in the stride value; and 
updating the offset register by adding the squared stride 

value to the present OlTSCt register value. 
8. Apparatus for generating addresses to access an image 

pyramid of pixel values sequentially stored in a memory, 
said apparatus comprising: 
means for temporarily storing an integer portion of each 

of a plurality of image pyramid address values; 
means for determining from said plurality of integer 

portions a ?rst memory address for a ?rst pixel value in 
said memory; 

means for determining, from said ?rst memory address, a 
second memory address for a second pixel value in said 
memory; 

means for determining, from said second memory 
address, a third memory address for a third pixel value 
in said memory; 

means for determining, from said third memory address, 
a fourth memory address for a fourth pixel value in said 
memory; 

means for determining, from said fourth memory address, 
a ?fth memory address for a ?fth pixel value in said 
memory; 
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means for determining, from said ?fth memory address, a (f) means for generating a memory address by combining 
sixth memory address for a sixth pixel value in said the base value with the offset value; 

memory; (g) means for updating said o?’set value and said stride 
means for determining, from Said Sixth memPYY addfes‘s, value and respectively storing the updated offset and 

a Seventh memory address for a Seventh Plxel Value 1n 5 stride values in the offset and stride registers; and 

mil: n1: ginlrgtlmning from Said Seventh memory (h) means for repetitively operating said generating means 
_ i _ _ and said updating means until a plurality of memory 

mikes?’ anglghth memory address for an eighth Plxel addresses are generated for accessing said pixel values 
v ue 1n sai memory. - -d - -d_ 

9. The apparatus of claim 8 wherein said ?rst, second, 10 lzmqf?i gm?ztggrglfmclaim 11 wherein said updating 
third, and fourth pixel values are contained in a ?rst level of ' pp . _ 

means further comprises. said image pyramid and said ?fth, sixth, seventh, and eighth 
pixel values are contained in a second level of said image means for combining integer Portions of a U address 
pyramid value and a V address value which together represent 

10_ The apparatus of claim 9 wherein Said means for 15 Cartesian coordinates ofan address value withinabase 
determining said ?fth memory address further comprises level of the image Pyramid, in response to the Present 
means for adding to said fourth memory address a number Stride Value, to Produce an updated Offs?t Value; and 
of pixel values contained in said ?rst level of said image means for storing said updated offset value in said olfset 
pyramid. register. 

11.Apparatus for generating addresses to access animage 20 13. The apparatus of claim 12 wherein said combining 
pyramid of pixel values sequentially stored in a memory, means further comprises: 
said apparatus Comprising: means for truncating B most signi?cant bits of the U and 

(a) means for temporarily storing the integer portions of V address values to form truncated U and V address 
a plurality of address values that de?ne atarget location 25 values, where B=log(N) and N is the stride value; 
of 3 Pixel Value in Said image Pyramid; means for concatenating the truncated U and V address 

(b) means for initializing, in response to said integer values; and 
Portions: a base value, an Offset Value, and a snide means for ?lling the most signi?cant bit positions of the 
value, where said base value represents a reference cohcatehamd’ truncated U and V address values with 
address of a reference pixel value within said pyramid, 30 Zer0s_ 
said offset value represents a number of pixel values to 14_ The apparatus of claim 11 wherein Said updating 
be added to the base value to compute an address value means further comprises; 
of a particular pixel value within the image pyramid, 
and the stride value is a number of pixel values in a row 
of pixel values within a speci?c level of the image 35 
Pyramid; 

(0) means for storing said base value in a base register; 
(d) means for storing said offset value in an offset register; 
(e) means for storing said stride value in a stride register; * * * * * 

means for computing the square of the stride value by 
interposing zeros between bit positions in the stride 
value; and 

means for updating the offset register by adding the 
squared stride value to the present offset register value. 


